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ROTARY-TYPE RECOVERY SYSTEMS 
by Ciiar’es E. Libbey 



The Langley Research Center ha.- tested, cr is currently testing, 
several types or rotary devices with applications for recovery systems. 

The first s ? ide is a chart of these systems showing the areas where data 
are oresently available and tie areas v.+iere research : s still requi r ed. 
iSJMi . ) 

The. vortex ring parachute resembles 3 Maltese cross when viewed 
*rom above. Deploymert, stability, and performance tests have been com- 
pleted. A report containing 'ihis data is in the review stage now an * 
will be available soon This system is not Intended to glide, however 
as for most parachutes, it can be forced to produce a srrnll amount of 
L/D. 

The flexable rctary wing consists of strong cables at the leading 
and trailing edges with parachute type material stretched between them. 

A weight at the tip prov'des centrifugal force to maintain all components 
in tension while rotating. Some preliminary deployment tests have been 
conducted using a 4 bladed 6 foot diameter model. The cloth rotor blades 
ware attached to a 32 inch dianieter vortex ring parachute which wa c used 
to prc/ide the initial rotation fo»- the system. Alter the deployments, the 
rate cf rotation increased, indicating that the blades were autorotating 
and were net; being driven by the rotating parachute. Performance data have 
been obtained for a 2 bladed 4 foot diameter rotor, mout of it for the 
vertical autorotative descent condition. For these tests, the blades were 
attached to a short wooden ;j?:ad1e wheel type of hub arrangement. A few 
tests at lower angles of attack have \ diceted that this system does have 
gliding capabiliti es although how wei 1 it will glide is not known. 
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The conventional roca^; wing is the helicopter type systesr. This 
Is the configuration fo r which a vast e?nourt of performance data are 
available, Including date for gliding flight end flared landings. 111*5 
is tie vo::f ljuration for which most of the tests on stability ir. ver*r : co! 
autorotation descent have been conducted Ho deploy>pent tests have been 
conducted t and none are planned. 

The fptdfon and the tel esc /pin^ rotary wi^os at * essential iv [•“. 
saae is the conventional rotary wings, u^: they are intended for a more 
compact stf%#agc cf the system, c^'ovvient tests are planned for both of 
those r.yrUas. T2 . effects, i f, any, of the telescopic joints or the 
folding hinges on the performance is not known, a fc* srafc ; >ity tests 
have been conducted using K foot diaaett.- «ode!s r-i tr. telescoping and 
foiding type construct: on. (Sl ide off .) 

I woe I a now like to discuss some of the area* of this ch~rt for which 
data are available. A short film will be presented ne.At wcich shows a 
vortex r*ng c*?r3r u j te be'ng deployed wn i * e free fall and rotating. 
(Film . ) 

As you have seen i«i the movie, the parachute Is very stable w 5 th 
csci Pat ions of less than 5°. The next slide shows the variation of t\ •* 
coefic?ent of drag with the incedence setting of the Individual b?a*1es 
(canopy segments). (SI ide . ) The drag coefficient is based on the total 
cloth area of the parachute. The high drag (Cp*2.1) obtained with this 
particular parachute would mean that for a given payload the rate of 
dec 't wouid only be 60 percent of what it would be if a conventional 
parachute of the s^me c?oth area were used. (S lide off. ) 

A tew preliminary deployment tests of flexaLl^ fabric blades have 
been conducted ana heve pointed out some of t‘ e problem areas which will 
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have to be studied and corrected. A short film showing one of these 
probl'iis j'-eas will be shown. This film was taken at ..pnroximatel / 

’5 •?-« • ramef per second and will oe projected at 24 frare^ per second. 
Therefore*, the motions seen are approx : mate I y 63 t iw$ s.^wer than they 
actual -v.curre/i. The d*pl oyment \ ' he v lades cakes plo*e in about cne . 
jcai'Ui' of a second. The steady st'.t- ..»>cion seen after the deployment , 
was ta: :n approximately 6 seconds later. It is part o» the sars test. 
(Film .) It is believed that the problem illustrated in this film can be 
solved *;.h a controlled * ’ever deployment of the blades. 

Experience in the Recovery Systems Brand ban indicated that use of 
a rotary wing recovery system j»av nvolve problems of dynamic stability, 
ftirametricr. tests 3re being conducted at Langley to determine how mod> 
affect the various pa rasters have on the stability of a rotary wing in 
free vertical autorotation descent. Some of the paymasters which have 
her ;i very briefly examined and have been shown tc have an e r,c ect on the 
stabi I i r / of this system are listel in the folloring slide. (Mi de . ) 
There are ocher variables which quite likely effect the stability alsr*, 
such as, solidity ratio, number of blades, blade weight. Made incidence 
angle, and payload configuration. 

The next film will illustrate a rigid rotary wir.g on en apollo type 
capsule ii. vertical autorotat. ve descent. The first sequence, is an 
unstable configuration. By varying one of the parameters (in this case 
hub inertia), tie stability was increased as seen in the second sentence, 
however, it was still only inaia'nally stable. A further modef i cat i on 
produced a completely stable configuration. (Fi lm . ) 
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*. few test* have beer, conducted with a M* Inch diameter rotor, 
ernsidering only two variables, hub inercia airrl disk loading. The 
results are presented in the next slide. ($1 Ide . ) 

As car. be seen from this slide, as the hub inertia is increased, 
the disk loading must also be increased t ^ maintain rtab»l?ty. !? 
some 'Xrf tne other parameters ace changed, this curve vi>! be shifted. 
For i nstance , decreas ioj Jiirg^ anaLc, wi II- ^ curve 

downward. 


in conc’jsion* it can 5 >r said that rotary type recovery systems 
can be made : **herartSy stable, can produce high drao ; fdi*- 5’ -uing 
capebii ity, and near zt.ro vertical ~r.i horizontal speeds at landing. 
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PARAMETERS WICK ET-ECT TH£ -SYAB15JT Y 
OF, ROTARY WING RECOVERY SYSTEMS ; 
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